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CHAPTER – 1 
 
INTRODUCTION 
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he contribution of aquatic macrophytes to the structure and 
function of freshwater lentic habitats has long been 
recognized (Jeppensen et al., 1998; Grenouillet et al., 
2002). Although macrophyte community forms an important 
component of aquatic ecosystems often accelerated cultural 
eutrophication results in nuisance growth of these plants, leading to 
reduced aesthetic values of the concerned water body. One of the 
methods put to practice for controlling the nuisance weeds in lakes is 
mechanical deweeding or harvesting. It refers to the utilization of 
mechanical devices to physically cut and remove plants from the 
water for delivery to on-shore disposal site (Thayer and Ramey, 
1986). However, the process has been found to have a significant 
impact on overall ecology of the water bodies concerned. The Dal 
lake, located between 34° 03’- 34° 13’N latitudes and 74° 48’-75° 08’ 
E longitudes has been facing cultural eutrophication over the past 
forty years or so. As a consequence there has been shallowing of most 
of its basin and deterioration of its water quality followed by 
infestation with macrophytes, submerged as well as emergents. The 
macrophyte invasion has reached such a level that even the movement 
of the boats is impossible in certain areas of the lake. In order to 
improve the quality of the water body, the J&K Government initiated 
a macrophyte harvesting programme in the water body on the 
recommendations by ENEX (1978), NLCP (1997) and AHEC (2000). 
Mechanical deweeding is being carried out in the lake since 1984. 
Since then sophisticated machinery is being imported to restore the 
T 
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glory of the lake. These additions include Classic Water Master III 
(Aquamac Finland, for dredging), Crawl cat (dredger), Weed 
harvester (Aquarius systems, Wisconsin and Rolba-type, Switzerland) 
and Truxors (Aquarius company, Switzerland).   
Despite procuring expensive machines laced with all sorts of 
equipments, the ground management conditions remain pathetic and 
the lake was and is still marred by heavy weed infestations. It has 
been reported that deweeding has a number of negative impacts on the 
ecology of the water body. Not only the water chemistry of the lake 
got affected, even the biotic community, including the plankton and 
fish diversity has been influenced by the deweeding process. Zutshi 
and Ticku (1990) for example carried out a study on the 
environmental consequences of harvesting and reported significant 
negative impact on plankton and fish population. There have been a 
number of studies on the limnology of Dal lake so far (Zutshi and 
Khan, 1988; Vass and Zutshi, 1979; Kachroo and Suri, 1987; Yousuf 
and Parveen, 1992; Kundangar and Abubaker, 2001; Kundangar et 
al., 2003; Ganai et al., 2010) but none reports on the diversity of 
phytophilous invertebrates. The phytophilous macroinvertebrates are 
the aquatic organisms associated with macrophytes (Rooke, 1984; Cry 
and Downing, 1988; Linhart, 1999). Many invertebrate taxa exhibit 
preferences for submerged aquatic plants (Dudley, 1988; Cry and 
Downing, 1988; Cattaneo et al., 1998). Association between the two 
groups can either be trophic, spatial or both (Linhart et al., 1998) as 
the invertebrates may utilize the macrophytes or the periphyton 
growing on their surfaces as a direct food source (Higler, 1975; 
Cattaneo and Kalff, 1980; Gregg and Ross, 1985), as a shelter from 
predators (Harrod, 1964) and spawning and attachment sites (Keast, 
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1984). Besides being a primary link between fish and plants (Schultz 
and Dibble, 2012) their quantity and diversity of the phytophilous 
invertebrates can indicate the status of a water body (Dvorak and 
Imhof, 1998). In order to fill this gap in our knowledge regarding the 
impact of mechanical deweeding in the Dal Lake on the occurrence, 
abundance and distribution pattern of the phytophilous invertebrates, 
the present study was undertaken. The main objective set for the study 
was to have an insight into (1) the diversity and population density of 
this important ecological association in the lake and also to assess (2) 
the impact of mechanical harvesting going on in the lake on the 
population density of the phytophilous macroinvertebrates. Keeping 
in mind the limitation of the time for M. Phil. programme, the study 
was restricted to the growing season i.e. March- September, 2012. In 
the following pages the data collected during the study is described in 
detail in the light of available literature.  
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Mechanical Deweeding in Dal Lake 
 
      Mechanical harvester  
(Aquarius Systems -1020 series) 
 
Rolba- type harvester, since 1980s 
 
 
Head of harvester mounted with 
blades 
 
Loading or transporter   vehicle 
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Removed vegetation collected on-
board on storage deck barge 
 
Disposal of harvested biomass near 
Shalimar 
 
 
Twin mode of navigation –paddle wheel and Propeller 
 
 
Truxors for skimming in Dal lake  
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CHAPTER – 2 
STUDY AREA   
AND 
STUDY SITES 
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he Dal lake is situated at an altitude of 1584m a.s.l. between 
the north latitudes 34° 03’- 34° 13’ and east longitudes 74° 
48’- 75° 08’ in the north-east of Srinagar city. It is a 
Himalayan urban lake probably derived from an enlarged oxbow in 
the flood plains of River Jhelum (Dianelle, 1922; De and Paterson, 
1939). The lake being an attractive tourist spot engrosses a large 
number of residential areas and hotels in the catchment besides being 
a hub of houseboats, floating gardens both in the littoral and inshore 
areas of the lake. The lake is a multi-basined water body with four 
distinct basins, viz., Hazratbal (Bod Dal), Lokut Dal, Gagribal and 
Nigeen. From the past many decades the lake has not only undergone 
cultural eutrophication but there has been continuous encroachment 
of its shallow areas with the result that the water spread has got 
reduced to just 10 km
2
 from 25 km
2
. 
  
For the present study a preliminary survey was conducted at 15 
sites covering major habitats in the four basins of the lake. But 
keeping in view the duration of the research programme only those 
sites were selected where deweeding was to be carried for the year 
2012. Thus, four sites were selected for the monthly and semimonthly 
data collection for assessing the impact of deweeding on the 
population of this heterogeneous assemblage.   
 
 
T 
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i) Hazratbal Site 
 The site lies near the Hazratbal area (34
0
 07’ 59.4’’ N and 740 51’ 
27.6” E). It is severely infested with Nymphoides peltata, 
Ceratophyllum demersum, Myriophyllum spicatum, Hydrilla 
verticillata and Potamogeton crispus. There has never been any 
mechanical deweeding in the area during the past twenty years and as 
such this site was treated as reference site for comparison purpose. 
 
ii) Shalimar Ghat Site 
This collection site lies slightly away from Shalimar ghat (34
0
 
08’ 30.5’’ N and 740 51’ 42.0” E). The area supports thick 
macrophyte growth of both submerged and floating macrophytes. In 
the initial months there was no deweeding in the area but at the end of 
growing period harvesting was done to remove bulk of vegetation, as 
dredging was to be undertaken in this area. 
iii) Habbak-STP  Site 
The site lies in the vicinity of Habbak-STP (34
0
 08’ 45.2’’ N 
and 74
0
 50’ 37.0” E). The maximum depth at this site is 1.5 m. This 
area does not directly receive the sewage effluent from the nearby 
STP, but the water is first diverted to the adjoining hinterland from 
there it flows via Bot kol Nalla to the lake. 
 The area is dominated by submerged macrophytes like 
Ceratophyllum demersum, Myriophyllum spicatum, Hydrilla 
verticillata and Potamogeton crispus. In addition to them a luxuriant 
growth of Azolla sp. and Lemna spp. is also found at the mouth of Bot 
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kol nalla. During the sampling period the area was a moderately 
disturbed as it was subjected to both spring skimming and summer 
deweeding in June. 
iv) Dockyard Site  
The site is adjoining to Dockyard (34
0
 07’ 41.4’’ N and 740 52’ 
14” E) which is the hub were all sorts of machines for Dal lake 
management are kept. Its maximum depth is 1.6 m. The area is 
characterized by dense submerged macrophyte vegetation. The area 
was more prone to the impact of habitat disturbance as the deweeding 
operations were carried out in monthly shifts (May and July) 
primarily to avoid sediment suspension and turbidity.  
 
 
 
 
 
  
Department of Environmental Science, University of Kashmir.  39 
 
 
Sampling sites during preliminary survey 
 
 
Satellite image of sites for assessing the impact of deweeding 
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Hazratbal Site 
 
 
 
Shalimar Ghat Site 
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Habbak-STP Site 
 
 
Dockyard Site 
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CHAPTER – 3 
Review 
Of  
Literature 
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uring the survey of world literature it was found that 
considerable research pertaining to phytophilous 
macroinvertebrates has been done mainly due to their 
importance as a primary linkage between macrophytes and fish. 
Motivated by this, the review is based on two primary aims:  
(i) Interaction between macrophytic plant and macroinvertebrates 
and 
(ii) Impact of harvesting on phytophilous macroinvertebrates. 
Most of the studies reveal that macroinvertebrate density tends to 
increase when both plant biomass and habitat complexity increases, 
especially in case of invasive species with highly dissected leaves 
(e.g., Ceratophyllum sp., Bogut et al., 2007; Hydrilla verticillata, 
Thorp et al., 1997; Myriophyllum spicatum, Balci and Kennedy 2003 
and Lillie and Budd 1992; Trapa natans, Strayer et al., 2003; 
Lagarosiphon major, Kelly and Hawes, 2005; Cabomba caroliniana, 
Hogsden et al., 2007). 
Carpenter and Gasith (1978) observed that the immediate 
consequences of mechanical cutting of submersed macrophytes 
included- suspension of sediments and aufwuchs and exudation from 
damaged tissues which potentially altered the water chemistry and 
metabolism. McGhee (1979) carried out a preliminary investigation 
on the effectiveness of mechanical deweeding in Lake Orange 
infested with Hydrilla. It was found that mechanical control was not 
always effective for Hydrilla under all conditions, however, in areas 
of almost complete infestation harvesting proved to be an effective 
tool in integrated weed control. 
D 
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Smock and Stoneburner (1980) studied the response of 
macroinvertebrates to the progressive decomposition of the Nelumbo 
lutea. Macroinvertebrate densities increased significantly with the 
onset and progressive senescence of the leaves, as reflected by 
decreasing chlorophyll a concentration. Keast (1984) reported that the 
combined foliage of Potamogeton and Vallisneria supported twice as 
many invertebrates per square meter in late summer than did M. 
spicatum. 
Painter (1988) examined the long term efficacy of mechanical 
harvesting on M. spicatum and found reduced milfoil biomass, shoot 
weight and plant densities as a result of harvesting but its height 
continued to reach the water surface in the 4
th
 year of study. The use 
of herbicides as aquatic plant management technique was investigated 
by Carpentier et al. (1988). It was found that herbicide applied early 
season offer slightly better control of aquatic macrophytes than 
treatment later in the season. Gregg and Rose (1985) observed that 
the macrophytes play a role in reducing current velocities which in 
turn influenced the invertebrate micro-distribution.  
A strong influence of herbivorous snails on distribution, abundance 
and diversity of freshwater macrophytes was reported by Lodge 
(1985) when nearly 6 to 13% of the total leaf area was lost to 
herbivores. Kershner and Lodge (1990) found a positive correlation 
between the substrate shape and macroinvertebrate colonization. The 
results of the study conducted by Russo (1990) showed that seaweed 
complexity (surface area to biomass ratio) was not a consistent 
predictor of epiphytal amphipod abundance or number of species. As 
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the latter are generally not seaweed specific rather they are distributed 
among many species. 
Zutshi and Ticku (1990) carried out an investigation on the impact of 
mechanical deweeding on Dal lake ecosystem. The results indicated 
significant changes in conductivity, dissolved oxygen, total 
phosphorus and nitrates immediately after deweeding. Engel (1990) 
during his study on the ecological impacts of harvesting concluded 
that although harvesting removed 75% of total standing crop of the 
lake Halverson, but the macrophytes quickly re-grew, reaching to pre-
harvest biomass within few weeks and even became much more 
denser .  
Galanti et al. (1990) carried a long-term experimental aquatic plant 
management programme to estimate the effect of harvesting on 
eutrophic lake.  It was found that harvesting resulted in a significant 
decrease in the portion of the external annual loading originating 
mainly from run-off and precipitation. Newman (1991) suggested that 
the patterns and the use of macrophyte detritus by primary aquatic 
invertebrates are more likely related to deterrent chemicals present in 
aquatic plants than with the low food quality of aquatic macrophytes. 
Beckett et al. (1992) observed that harvesting markedly reduces the 
invertebrate abundance, as the plant surface area and its condition are 
responsible for variability in density and abundance of invertebrates. 
Michael et al. (1992) while studying the impact of vegetation 
observed that densities of rotifers, cladocerans, and total zooplankton 
decreased approximately 1.5 years after macrophyte removal, 
probably due to increased abundance of planktivorous fishes. Lillie 
and Budd (1992) reported that the temporal changes in the 
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architecture of macrophytes during the growing season had a 
substantial influence on habitat use by macroinvertebrates. 
Underwood et al. (1992) reported that pulmonate snails enhanced the 
growth of macrophytes via increased  availability  of  plant nutrients  
of  snail origin (PO4 and  NH3)  and  reducing the density  of  
epiphyton that are  potentially deleterious  to  macrophytes.  
Jacobsen and Sand-Jensen (1992) quantitatively studied the 
invertebrate herbivory on submerged macrophytes which indicated 
that species of Potamogeton were significantly more heavily grazed 
than non-Potamogeton species. Also the herbivory loss had a strong 
seasonal variation being maximum during May-June. Creed et al. 
(1992) while investigating the impact of herbivore insects on milfoil 
found that the weevil larvae and caterpillar bored the stems that lead 
to collapse of the milfoil bed and reduced the buoyancy of the plants. 
Kornijow and Gulati (1992) investigated aquatic macroinvertebrates 
associated with aquatic vegetation after the biomanipulation of a 
small Dutch lake. They found that the macrofauna did not differ 
notably from that in non-manipulated lakes. Bettoli et al. (1993) 
carried out a 7 year study to assess the impact of elimination of 
aquatic vegetation on fish species. No change in abundance or 
structure could be detected for at least 10 populations out of 17 fish 
species.  The most notable decline occurred for several small, 
phytophilic Lepomis spp., unlike threadfin shad whose density 
increased nearly fivefold after vegetation removal. 
Nichols and Lathrop (1994) compared the mechanical harvesting in 
Lake Wingra with that in lakes with no known management history. It 
was found that species diversity and taxa richness in un-harvested 
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areas was greater than the harvested area. Crowell et al. (1994) 
measured effects of series of mechanical harvesting at 5 separate 
locations in Lake Minnetonka. It was found that harvesting reduced 
total shoot biomass and plant abundance at the water surface for up to 
6 weeks following harvest.  
Alam et al. (1996) reported that mechanical harvesting of floating 
plant tussock communities resulted in significant increase in turbidity 
and dissolved solids although Chl-a, total nitrogen and total 
phosphorus concentrations decreased during the harvest. But 
statistically detectable, dissolved oxygen differences occurred at 
harvest site. Trebitz and Nibbelink (1996) used a simple simulation 
model combining bioenergetics, functional feeding responses and 
vegetation geometry to assess the macrophyte removal strategies that 
would most likely benefit Bluegills.   
Monahan and Caffrey (1996) studied the effect of weed control 
practices (e.g. mechanical cutting, and chemical treatment) on 
macroinvertebrate communities. The results indicated that the land-
based Mowing Bucket had maximum efficiency in reducing 
invertebrate density. Also the macroinvertebrate numbers increased 
rapidly following treatment and no adverse effect on dependent fish 
life resulted. Sloey et al. (1997) found higher invertebrate biomass, 
density, and taxa richness in the upper foliated sections of M. 
spicatum compared to the lower un-foliated sections. Also, the edges 
of the milfoil bed contained higher density than the center of the bed. 
Thorp et al. (1997) assessed the distribution of macroinvertebrates in 
two macrophyte beds (one containing monoculture of H. verticillata 
and the other a community of diverse mixture of plant species). The 
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magnitude of macroinvertebrate density and diversity was higher in 
the latter but total macroinvertebrate abundance was significantly 
more in the former. Olson et al. (1998) investigated the implication of 
macrophyte harvesting as a way to improve fish growth and size 
structure in lakes with high submergent macrophytes and stunted fish 
populations. In the first year after manipulation a substantially 
increased growth rates of some age classes of fish species in treatment 
lakes relative to controls was observed. Unmuth et al. (1998) 
observed that a close-cut plant harvester is an effective tool to create 
edge habitat and is found to have less impact on ﬁsh community than 
the conventional harvester. 
Cronin et al. (1998) reported that plant structure is an important 
feeding determinant for insects. They reported that grazing by them 
damaged 0.2-1.7% of submerged and floating leaves of aquatic plants 
per day.  According to Ivoandre et al. (1999) the macrophyte removal 
from lake can exceedingly be used for removal of heavy metals. Their 
work showed that the dried biomass of Potamogeton lucens, Salvinia 
herzogii, and Eichhornia crassipes were excellent biosorbents for 
Cr(III), Ni(II), Cu(II), Zn(II), Cd(II), and Pb(II). Pieczynska et al. 
(1999) observed that during summers the diversity and density of 
macroinvertebrates was associated closely with trophic state of a lake 
than with the type of plant species.  
Linhart (1999) observed that the quadrant method for sampling 
phytophilous macroinvertebrates is not efficient for collection of 
highly active invertebrates dwelling the macro-vegetation. Booms 
(1999) reported that while mechanical harvesting fish, turtles and 
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amphibians were often found entangled in the vegetation and got 
removed from the lake.  
Cheruvelil et al. (2000) calculated the sample size necessary to detect 
differences in epiphytic macroinvertebrate abundance and suggested 
that macroinvertebrate abundance varies predictably with plant 
architecture as the dissected-leaf plants harbored higher abundances 
of macroinvertebrates than broad-leaf plants. Attrill et al. (2000) 
elucidated that the relationship between macroinvertebrate 
communities associated with sea grass is not determined by the 
structural complexity of the plants, but by the amount of plant 
available. Capres (2000) compared two methods of submersed 
macrophyte sampling and found that the in-water sampling produced 
higher values of total phytophilous species richness and frequency 
than the boat surveys. Confrancesco (2000) while assessing the 
control of exotic plant populations with native organisms (insects) 
found that these biological control agents bring the system back into a 
more natural or balanced state and do not produce additional 
problems or stress.  
Feldman (2001) studied the phytophilous macroinvertebrates 
associated with macrophytes of different morphologies and revealed 
greater prevalence of predaceous invertebrates in Trapa than in 
Vallisneria bed. Martin and Neely (2001) during their experimental 
study found that the invertebrate density, insect density and number 
of insect families decreased significantly, as the incoming clay 
adversely affects the larval population.  
Duggan et al. (2001) revealed that macrophyte morphology along its 
associated epiphytons and differential predation by invertebrates has a 
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pronounced effect on the rotifer distribution. Shah and Pandit (2001) 
conducted a study on the association of macroinvertebrates with 15 
common macrophytic species growing in Dal Lake, Anchar lakes, 
Hokersar wetland and Sonwar pond. Houston and Duivenvoorden 
(2002) observed that despite invasive species (Hymenachne 
amplexicaulis) having 30 times greater plant biomass, the 
macroinvertebrate abundance was 2.7 times greater in native 
vegetation probably due to greater habitat complexity in native bed 
than in the invaded area. 
Cheruvelil et al. (2002) observed that mono-dominant beds of milfoil 
supported lower macroinvertebrate densities despite of greater surface 
area provided by them which they attributed to the alteration of 
physico-chemical environment making it inhospitable for 
establishment of macroinvertebrate taxa.  Yousef and Murphy (2002) 
reported that Potamogeton pectinatus failed to survive the 
combination of different stress and disturbance-based control methods 
such as low doses of herbicide, cutting, and shading. Zrum and Hann 
(2002) examined the micro- and macroinvertebrate communities 
associated with submersed macrophytes in experimental enclosures 
experiencing primary and secondary effects of two manipulations of 
the trophic cascade i.e. organo-phosphorus and nutrient addition.  
According to Strayer et al. (2003) the density of epiphytic 
macroinvertebrates is positively correlated with plant biomass as 
against benthic macroinvertebrates that are nearly unrelated to it. 
Macroinvertebrate communities inhabiting exotic and native 
macrophytes were studied by Balci and Kennedy (2003) in 
experimental ponds. They reported that although macrophyte 
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architecture explained some variation in macroinvertebrate abundance 
but most variations are explained on the basis of sampling season. 
Kundangar et al. (2003) studied the impact of selective deweeding 
practices in Dal Lake. A significant decrease in conductivity, 
dissolved oxygen, total phosphorus and iron while increase in 
transparency and nitrate- nitrogen was recorded after deweeding. 
Newman (2004) demonstrated that herbivory by aquatic insects can 
substantially result in 50-95 % reduction in plant biomass and shifts 
in macrophyte community structure. Tessier et al. (2004) during their 
study on the biomass, taxonomic composition, and size distribution of 
invertebrates associated to emergent, submerged, and floating leaved 
vegetation concluded that macrophyte harvesting may affect the 
invertebrate biomass as all the plant species up to some extent 
harbored wide varieties of invertebrates. In Atchafalaya basin Colon-
Gaud et al. (2004) found that densities of gastropods were four times 
greater and that of hydrachinia were two times greater in C. 
demersum (native sp.) than Hydrilla sp. primarily due to increase in 
surface area available for periphyton growth. 
Warfe and Barmuta (2004) demonstrated that the macrophyte density 
had no effect on the prey-capture success of a single predator but it 
influenced the combined effects of multiple predators. James et al. 
(2004) while evaluating the impact of mechanical harvesting on 
changes in littoral sediment substrate found that the technique led to 
changes in sediment characteristics which in turn had a direct impact 
on invertebrate densities and species richness besides it also promoted 
nutrient cycling via sediment re-suspension. 
  
Department of Environmental Science, University of Kashmir.  52 
 
McAbendroth et al. (2005) studied the impact of complexity in 
habitat structure on biomass–body size scaling and distribution of 
invertebrates in lentic environment using fractal indices. Harman et 
al. (2005) reported that herbicide application to control noxious plants 
has a negative impact the richness and diversity of the biota in Lake 
Moraine via comparing the water quality characteristics and selected 
indicators such as macroinvertebrates with adjoining non-managed 
lake. Rodusky et al. (2005) compared two boat-based (ponar dredge, 
and oyster tongs-like rake apparatus) and one in-water sampling 
method (quadrant frame) for collection of submerged aquatic 
vegetation. The boat-based rake method appeared to be a more 
suitable than previously used ponar dredge and quadrant methods. 
Erhard (2005) observed that Elodea canadensis and E. nuttallii had 
allelopathic effects on cyanobacteria and lepidopteron larvae that 
resulted in a competitive advantage over native species, which are 
depredated by herbivores. Linden and Lehtiniemi (2005) reported that 
M. spicatum changes the epiphytic community by exuding 
allelopathic compounds, resulting in macroinvertebrates avoiding M. 
spicatum as feeding habitat, and therefore, insectivorous fish as well. 
Tarkowska-Kukuryk (2006) studied the importance of Stratiotes 
aloides as a colonization substratum for phytophilous fauna in the 
shallow, eutrophic lake. A positive correlation was found between the 
density and biomass of epiphytic fauna and the biomass of plant. 
David et al (2006) assessed the impact of mechanical control device 
Lake Maid
TM
 and reported that the machine successfully removed the 
above ground plant biomass without affecting the nutrient 
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concentration at the treatment areas, but its rate of plant fragmentation 
was high.  
James et al. (2006) carried out an experimental study to quantify the 
sediment displacement and changes in water quality associated with 
re-suspension during operation of mechanical macrophyte removal 
devices employing a submerged roller arm and paddle design.  Bal et 
al. (2006) observed cutting of sago pond weed early in the growing 
season results in the same biomass later in the season compared with 
the un-cut situation.  Also it was found that removal of too much 
aquatic vegetation can negatively impact invertebrate numbers. 
Pinto et al. (2006) evaluated the differences in correlations among 
biological elements (macrophytes, macroinvertebrates and 
ichthyofauna) and environmental parameters. Results at different 
spatial scales supported the hierarchical theory of river formation. 
Spencer et al. (2006) reported that although mechanical harvesting 
minimized macrophytic growth but did not prohibit production of 
seed thereby had limited effectiveness to eradicate water hyacinth.  
Tessier et al. (2007) observed that in fluvial lakes the metaphytons 
hosted more abundant and diverse invertebrates than vascular 
macrophytes as against river segments wherein the contribution of 
metaphytons was minimal (less than 1%) as compared to submerged 
(96%) and emergent (4%) macrophytes. Gab-alla (2007) showed that 
phytophilous invertebrates avoid Caulerpa prolifera (weed) either as 
a habitat or as feeding grounds because of production of toxic 
secondary metabolites. Schneider and Sager (2007) suggested that 
epiphytic macroinvertebrate communities are sensitive to shifts in 
food resources, which generate shifts in trophic structure of the lake. 
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Albertoni et al. (2007) characterized the macroinvertebrate 
community associated with macrophytes and found that these 
communities are significantly different (p< 0.05) for different lakes.  
The main findings of Cremonas et al. (2008) were that 
macroinvertebrate biomass, abundance and richness were 
significantly greater in submerged than in emergent and floating-
leaved habitats. Suutari et al. (2008) studied the conservation value 
and indicator potential of macrophyte Stratiotes aloides which has 
declined considerably in Europe. It was found that its beds harbored 
diverse macro-arthropod fauna often containing species of 
conservation concern, including the dragonfly Aeshna viridis. Suren 
et al. (2008) determined the variation in invertebrate communities via 
carrying out semi-quantitative sampling where samples were 
collected from different plant species within each wetland having a 
different morphology, and also from areas without vegetation.  
According to Moody et al. (2008) correct identification of 
macrophytes is crucial for effective aquatic plant management as they 
found that incorrect identification of the plants can lead to inadvertent 
outcomes such as eradicating wrong species or applying ineffective 
control strategies. Edwards and Comas (2009) suggested that 
mechanical harvesting is a more suitable weed control technique as 
compared to chemical and biological control methods. Bal and Meire 
(2009) reported that vegetation cutting in combination with 
harvesting is a useful tool to increase drainage but only for a short 
period. It was found that within one month biomass increased again 
resulting in increased water levels 
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Wilson and Ricciardi (2009) compared the multi-species invertebrate 
assemblages on native and exotic species of Myriophyllum sp. The 
results indicated that these species despite being co-generic and 
structurally similar do not provide equivalent habitats for invertebrate 
communities. Cañedo and Rieradevall (2009) studied the epiphytic 
macroinvertebrates associated with emergents.  They found a direct 
link between environmental gradient and macroinvertebrates 
assemblages 
Cerba et al. (2010) observed the influence of environmental variables, 
e.g. secchi depth, macrophyte dry weight, depth and water 
temperature, on phytophilous chironomid community structure. 
Kelting and Laxson (2010) indicated that hand harvesting is a viable 
management technique for achieving whole-lake control of Eurasian 
water milfoil but requires a large financial investment. Baron and 
Ostrofsky (2010) reported that although the submersed aquatic plants 
having high surface to biomass ratio support increased 
macroinvertebrate colonization but many aquatic plants contain 
defensive compounds (phenolics, alkaloids, etc.) that deter herbivory 
by macroinvertebrates. 
Sugier et al. (2010) investigated the influence of macrophytes on the 
species richness and phytocoenotic diversity of aquatic vegetation in 
lakes. It was reported that Stratiotes aloides is a good indicator of 
species richness and diversity of aquatic vegetation. A total of 25 
taxonomic groups, with the dominance of chironomids (79%), 
followed by nematodes and large predatory larvae of zygoptera ( 6%) 
and oligochaetes (5% ) were recorded by Bogut et al. (2010) while 
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reporting the taxonomic composition and weed-bed invertebrate 
abundance  associated with the submersed macrophytes. 
Hansen et al. (2010) examined, whether the variations in the 
morphology of soft-bottom plants affected their function as habitat or 
does the complex structured plants support higher macroinvertebrate 
abundance and species richness. The results implied that plant 
morphology influences small-scale invertebrate distribution, partly 
supporting the hypothesis that structurally complex plants harbor 
higher invertebrate abundance. Sychra and Zdenek (2010) showed 
that the modified gerking sampler collected all principal higher taxa 
and, therefore, is suitable for quantitative monitoring of 
macroinvertebrates in littoral zones of standing water bodies. 
According to Nachtrieb et al. (2011) herbivory by macroinvertebrates 
that were thought to be insignificant on aquatic macrophyte can cause 
substantial reductions in their biomass. This impact was investigated 
by comparing macrophyte treated with insecticide (to remove most of 
the invertebrates) and non-treated control. Mormul et al. (2011) 
revealed that, it is the structural complexity of native and invasive 
species that accounts for differences in invertebrate specie 
composition. 
Stiers et al. (2011) observed that macroinvertebrate densities were 
negatively related to percent cover of three invasive macrophytes, 
probably due to anoxic conditions caused by dense mats that limited 
diffusion of oxygen and excess detritus. The study conducted by 
Parsons et al. (2011) to monitor the macrophyte, macroinvertebrate, 
and fish communities at a water milfoil weevil augmentation site in a 
lake, supported the theory that fish and macroinvertebrate herbivores 
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influence lake trophic interactions, affecting primary productivity as 
macrophyte growth.  
Moya and Duggan (2011) suggested that besides macrophyte 
architecture some independent factors such a plant age, density and 
the depth of macrophyte beds are responsible for variation in micro-
faunal distribution. Harms et al. (2011) examined the insect 
herbivores associated with macrophytes and reported that lepidoptera 
(5 taxa), coleoptera (1 taxa), diptera (6 taxa), and trichoptera (11 taxa) 
extensively tunnel in the stems of the plants and, in some cases, cause 
substantial chewing damage to the leaves. Cerba et al. (2011) studied 
the spatial and temporal trends of a phytophilous chironomid 
community on the submerged plant species. It also included an 
analysis of functional feeding groups and the influence of 
environmental parameters on the chironomid community. 
Broyer and Curtet (2011) reported that richness and biomass density 
of macrophyte-dwelling macro-invertebrates is influenced by fish 
stock density and pond fertilization. Johnson and Newman (2011) 
concluded that the vertical-rake method was a suitable alternative 
than the diver quadrant method for collection of aquatic plant 
biomass, particularly in large-scale studies requiring high sampling 
intensity over expansive areas.  
Bhat et al. (2012) carried out a study on the association of 
macroinvertebrates with macrophytes in Manasbal lake where phylum 
Arthropoda (4 classes) was found to be the most dominant followed 
by Annelida (2 classes) and Mollusca (2 classes). Walker et al. (2012) 
worked out that although the macrophyte growth form has an effect 
on macroinvertebrate abundance but it causes no significant 
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differences in macroinvertebrate species richness and diversity. 
Copeland et al. (2012) studied the role of phytophilous chironomidae 
species as a biological control agent of H. verticillata but found them 
unsuitable for plant control. 
A close scrutiny of the above literature reveals that almost no work 
has been done on the macroinvertebrate community associated with 
the macrophytic vegetation in Kashmir Himalaya. In this scenario it 
was found worthwhile to have a brief study on the subject in the Dal 
lake, Kashmir.  
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MATERIAL  
AND 
METHODS 
  
Department of Environmental Science, University of Kashmir.  60 
 
 
 
 
 
efore conducting the sampling survey, the specific data 
quality objectives were clearly defined.  Firstly the specific 
areas for sampling were established keeping in view their 
scope for being used in studying before-, during- and after- 
deweeding impacts. A reference station was located where no 
deweeding operations had been conducted from last twenty years and 
for making the study more representative three deweeding sites were 
identified. 
Important physico-chemical properties of overlying water such 
as pH, electrical conductivity, water temperature, transparency, 
dissolved oxygen, free CO2, total alkalinity, total hardness, total 
phosphorus and Nitrate - nitrogen, were determined in accordance 
with standard methods prescribed in A.P.H.A (1998). The water 
samples for the purpose were collected in the immediate vicinity of 
the biological sampling spots.  
Field Collection 
A Gerking frame box sampler (Gerking, 1957) was devised to 
effectively trap the phytophilous macroinvertebrates. The sampler 
comprised of an open metal frame (height= 75 cm, base=30 cm×30 
cm) and movable flaps. All the four sides were firstly fitted with a 
metallic mesh but later cloth was used which was lighter and more 
serviceable.  The base frame corners were fitted with sharpened poles 
B 
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for fixing the sampler into the substratum. Along the edges were 
positioned two movable flaps which captured the macrophytes once it 
was descended in water.  
The sampler was used not only to trap the invertebrates 
associated with soft submerged macrophytes but also to trap nektonic 
invertebrates outside the vegetation that got dislodged after 
deweeding. However the sampling by Gerking frame box sampler 
proved to be difficult in areas of severe weed infestation. The main 
problem was with respect to uprooting of macrophytes as the edges of 
the flaps were not sharp enough to cleanly cut the plant here the 
gerking sampler was complimented by a grapplers used for random 
extraction of macrophytes. The escape of fast-moving 
macroinvertebrates from the grappler was overcome by inserting the 
grappler in the Gerking box itself. As soon as the grappler entangled 
the macrophytes and uprooted them, the flaps of Gerking box were 
closed enclosing the macrophytes (along with the invertebrates) in it.  
Once the composite sampler was retrieved out of water it was 
placed on a white sheet and the flaps were opened. The collected 
macrophytes were cautiously transferred into polybags. The 
specimens that got attached to the cloth of the sampler were picked 
with forceps and stored in plastic vials. The collection bags and vials 
were properly labeled wherein the information regarding sampling 
site, the general condition of the site, date and time were recorded. 
Sample Processing 
In the laboratory the sample was segregated into batches. A 
single batch was taken at a time which was thoroughly diluted in 
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water and phytophilous invertebrates were removed. This process was 
repeated thrice for each batch so that all the associated organisms 
were detached from the plant. Processing in such a way gave a vivid 
snapshot of the macroinvertebrates associated with the macrophytes. 
Initially the animals with calcareous exoskeleton were 
preserved in 4% formalin and soft bodied organisms in 70% ethanol 
(Borror et al., 1976) but eventually it was observed that the preserved 
specimens especially soft bodied ones in ethanol got distorted due to 
non-application of relaxant making their identification difficult. 
Therefore attempt was made to identify live invertebrates up to the 
lowest possible taxonomic level readily achievable for each taxon 
with the help of standard works of Edmondson (1959), McCafferty 
and Provonsha (1998), Wetzel and Likens (2000), and many other 
standard online published keys. 
Data Analysis 
Population density (number of individual invertebrates per kg 
dry weight of macrophytes) and species richness was determined for 
each sample and site. Analysis of data for ANOVA, Dunnett multiple 
comparison test and unpaired t-test was done using GraphPad Instat 
(DATASET1.ISD) version of software. The biotic indices were 
determined with the help of Past program. 
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Gerking frame box sampler (left) and Grappler (right) 
 
 
 
Composite sampler being used on-field for collecting macrophytes 
from lake. 
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Macrophytes collected in composite sampler- enclosing both 
macroinvertebrates associated with plants as well as fast-moving 
invertebrates 
 
 
Processing (sorting) of procured samples in laboratory 
 
 
  
Department of Environmental Science, University of Kashmir.  65 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER – 5 
RESULTS 
AND 
DISCUSSION 
  
Department of Environmental Science, University of Kashmir.  66 
 
 
 
 
 
he present chapter encompasses the detailed description of 
the data obtained on the phytophilous macroinvertebrates 
recorded in Dal lake during March-September, 2012 
together with the important ecological conditions found in the lake at 
the time of the collection of the data. The possible causes for the 
observations made and trends noticed in the occurrence and 
abundance of various species has been discussed in the light of the 
available literature on the subject.  
As also reported by other limnological investigations (Trisal, 
1987; Yousuf and Parveen, 1992; Ganai et al., 2010; Qadri, 2012) the 
water of Dal lake was alkaline in nature and the alkalinity and 
hardness were well within the limit of hard-type (Moyle, 1945) and 
moderately hard type (Sawyer, 1960). The variation in electrical 
conductivity, Total-phosphorus and Nitrate-nitrogen (Table 1) reflect 
the difference in concentration of dissolved ions as a result of uptake 
by primary producers.  
The Dal lake is for most part infested with macrophytes of all 
the four recognized categories, viz., submerged, rooted free floating 
leaf, emergent and free floating types. A total of 31 species of 
macrophytes have been reported from the lake (Qadri and Yousuf, 
2008). The submerged macrophytes like Ceratophylum demersum, 
Myriophyllum spicatum, Hydrilla verticillata and Potamogeton 
T 
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crispus are the most prominent ones that are removed during 
mechanical deweeding. These submerged macrophytes with their 
characteristic finely dissected and densely packed leaves provided an 
adequate shelter and food source for macroinvertebrates (Lillie and 
Budd, 1992; Thorp et al., 1997; Balci and Kennedy, 2003; Bogut et 
al., 2007). 
Table 1:  Physico-chemical parameters (range and average values) of Dal lake 
Parameters Range Average 
Water temperature (
o
C) 12.5-29.3 20.9 
pH 7.6-9.0 8.3 
Dissolved Oxygen (mg l
-1
) 1.4-12.0 6.7 
Specific conductivity (µS cm
-1
) 84.6-210 147.3 
Total Dissolved Solid (ppm) 54.1-134.4 94.0 
Nitrate- nitrogen (µg l
-1
) 68.5-513 290.7 
Total-phosphorus (µg l
-1
) 112-385 248.5 
Free CO2 (mg l
-1
) Absent-17.0 8.5 
Alkalinity (mg l
-1
) 98-118 108 
Calcium (mg l
-1
) 22-80 51 
Magnesium (mg l
-1
) 8.4-15.6 12 
Total hardness (mg l
-1
) 100-122 111 
Chloride (mg l
-1
) 16-28 22 
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5.1 Community Structure and Abundance of Phytophilous 
Invertebrate Fauna 
During the period of March-September, 2012 a total of 21 
macroinvertebrate taxa belonging to 15 families under 11 orders 
spread over 3 phyla, viz., Annelida, Arthropoda and Mollusca were 
recorded from the lake (Table 2). Insects with 9 taxa was the most 
diverse group being represented by Diptera (4 species), Odonata (2 
species) and Hemiptera, Coleoptera and Lepidoptera (each 
contributing one species). The non-insect arthropods included 
crustaceans and spiders. All the five species of molluscs were 
gastropods (snails). Leeches and segmented worms represented the 
phylum Annelida.  
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Table 2: Community structure of phytophilous macroinvertebrates in Dal lake 
Phylum Order Family Genus 
Annelida Rhynchobdellida Glossiphoniidae Helobdella sp.  
Glossiphonia sp.  
Pharyngobdellida Erpobdellidae Erpobdella sp.  
Haplotaxida Tubificidae Limnodrilus sp.  
Branchiura sp.  
Arthropoda Diptera Chironomidae Chironomus sp.  
Procladius sp.  
Ceratopogonidae Bezzia sp.  
Psychodidae Psychoda sp.  
Odonata Coenagrionidae Enallagma sp.  
Gomphidae - 
Hemiptera Corixidae Sigara sp. 
Coleoptera Dytiscidae Coptotomus sp. 
Lepidoptera Pyralidae - 
Amphipoda Gammaridae Gammarus sp.  
Araneae Pisauridae - 
Mollusca Basommatophora Planorbidae Gyraulus sp.  
Promenetus sp.  
Parapholyx sp.  
Lymnaeidae Lymnaea auricularia  
Lymnaea columella  
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Gyraulus sp. 
 
 
Promenetus sp. 
 
 
Parapholyx sp. 
 
Limnodrilus sp. 
 
Helobdella sp. 
 
 
 
 
 
 
 
 
Erpobdella sp. 
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Lymnaea auricularia (inflated body whorl and exceedingly large lip) 
 
 
Lymnaea columella (delicate with lip not expanded) 
 
 
Chironomidae 
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Chironomus sp. (Larva) 
 
Chironomus sp. (Pupa) 
 
Psychoda sp. (larva)                   Psychoda sp. (pupa) 
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Bezzia sp. 
 
 
 
 
 
Enallagma sp.  (labium or lower lip on head) 
 
  
 Gills present on 
thorax and abdomen Pyralidae 
 
Prologs present on 
abdominal segment 
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Pisauridae 
 
Sigara sp. 
 
Glossiphonia sp. 
 
Coptotomus sp. 
 
Gammarus sp. 
 
Gomphidae 
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Dal lake being highly rich in nutrients (Table 1) supports 
pollution tolerant species having tolerance value greater than 7 (taxa 
tolerance values taken from Hilsenhoff, 1988; Plafkin et al., 1989) 
thereby indicating an overall  poor habitat quality. However, despite 
some specificity in distribution these phytophilous macroinvertebrates 
can be considered as characteristic for the whole study area. Greater 
abundance was found in Hazratbal site as compared to other sites (Fig. 
1) mainly due to habitat disturbance as a result of deweeding.  
 
Fig. 1:  Abundance of macroinvertebrates per kg macrophyte dry weight for 
whole growing season per site (mean density+ standard error) 
 
  Generally high number of macroinvertebrates were found 
attached to C. demersum followed by P. crispus and H. verticillata 
and least for Myriophyllum spicatum. Contrary to other studies 
(Chilton, 1990; Balci, 2002; Karim et al., 2009) a drastic decline in 
number of invertebrates associated with M. spicatum was observed 
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despite of it having elaborate surface area for colonization. It may be 
as a result of increased release of allelopathically active compounds 
that might have hampered the growth of periphyton which in turn 
limited the invertebrate diversity (Sand-Jensen and Sondergaard, 
1981; Gross, 2000; Leu et al., 2002). However, further research is 
needed in this regard.   
Majority of predominant invertebrates occurred frequently at all 
the study sites but a few were site-specific. For instance, Parapholyx 
sp. (planorbidae) and Psychoda sp. (Psychodidae) were only found in 
Habbak- STP site. The reason might be that the species belonging to 
respective families preferred severely polluted water e.g. Psychoda sp. 
has been reported in sewer pipes of sewage treatment plants 
(Cieminski and Flake, 1995) also in the present case the effluent from 
the STP flowed into the lake via Bot kul nalla. 
The results (Table 3) indicate a substantial difference in 
macrofaunal structure throughout the growing season within a site 
itself, this is primarily as a result of succession in generation of 
predominant invertebrate species (Dvorak and Best, 1982). Although 
the phytophilous arthropod fauna was much more diverse than 
molluscs and annelids in the lake but the mean density of the group 
was less, the reason being that majority of insects spend only a part of 
their life cycle as larvae and pupa in the aquatic environment and later 
emerge out as adults that occupy the terrestrial habitat. This was the 
case in Dal lake where most of the insects had their nymphal or larval 
life in water followed by emergence of adult as aerial beings.  
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Table 3: The population density of phytophilous macroinvertebrates (individuals/ 
kg dry wt. of macrophytes) at Hazratbal site 
 
Family March April May June July Aug. Sep. Mean S.E 
Erpobdellidae 6 8 12 15 14.1 10 7 10.3 1.4 
Glossiphoniidae 2 4 7 9 8.7 5 7 6.1 0.8 
Tubificidae 6 8 10 14 17 19 16 12.8 1.8 
Chironomidae 44 46 69 81 87.2 23 18 52.6 10.3 
Ceratopogonidae 60 79 49 0 0 21 38 35.4 11.3 
Coenagrionidae 14 12 9 2 0.9 2 5 6.4 1.9 
Dytiscidae 2 3 3 1 0 0 2 1.5 0.4 
Gammaridae 3 5 7 8 12.5 4 4 6.2 1.2 
Gomphidae 0 3 2 0 0.9 0 0 0.8 0.4 
Corixidae 0 1 2 1 0 0 1 0.7 0.2 
Pyralidae 3 7 4 5 0 0 0 2.7 1 
Pisauridae 3 2 0 2 1 0 0 1.1 0.4 
Planorbidae 3 13 23 31 34.7 20 13 19.6 4.1 
Lymnaeidae 11 9 55 79 78.2 59 33 46.3 11 
The aquatic legless larvae of diptera outnumbered all the other 
aquatic insects, both in terms of individuals and species. This finding 
is not surprising at all as these are usually the most abundant 
phytophilous macroinvertebrates (Bergey et al., 1992; Glime and 
Clemons, 1972; Iverson et al., 1985; Linhart et al., 1998) in lakes. The 
average population density of certopogonidae (Bezzia sp.) was high 
from March to May followed by complete absence in June-July and 
reoccurrence from August onwards (Table 3).  This is probably 
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because of development of immature larvae and subsequently adult 
emergence with increase in temperature (Gerry and Mullens, 2000; 
Lysyk, 2007). During that time swarms of these species were 
witnessed over and around the water body.  Psychoda sp. was not 
found in June-July mainly because of the habitat disturbance as a 
result of deweeding. Although chironomids were present throughout 
the sampling period, but towards the end of July their population got 
scarce. Chutter (1961) observed similar seasonal variations in 
chironomids while studying feeding habit of odonata.  
The developmental stages of most of the species were observed 
during the sampling period. Among insects worth-mentioning 
invertebrate was Enallagma sp. (Odonata- Coenagrionidae) 
commonly called dragonfly. Olive-green naiads of this species were 
observed during late summers. At this time their gills were threadlike 
and hairy and the wing pads were minuscule. As the time progressed 
their caudal lamellae (gills) became more triangular (Fig. 2). The 
specimens collected during spring were not only large but also dark 
brown in color with well developed wing pads. Density of the species 
was low from May onwards probably due to the emergence of adult 
damselflies (Table 3). Gammarus sp. found during spring was bigger 
in size and darker in color than those found late summers. The species 
was observed throughout the sampling period. 
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Fig. 2: The early (top) and late instars of Enallagma sp. showing change in size 
and structure of wing pads (left) and gills or caudal lamellae (right) as the 
nymph ages 
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The taxa belonging to family dytiscidae, pisauridae, corixidae 
and gomphidae were found in low numbers when present (Table 3) 
and did not substantially influence the structure and diversity of 
macrofauna associated with aquatic plants. The possible reason might 
be that these species besides being predacious in nature (a conjecture 
also held by Sokolovskaya and Zhitneva, 1973; Reynolds, 1975 and 
Nyman et al., 1985) except corixidae - Sigara sp. which is 
herbivorous ( Stearns and Kenneth, 2008) are known to have a high 
dispersal potential thereby frequently immigrate and emigrate in 
habitat (Savage, 1989). Also some of them are known to dive 
occasionally in water to retrieve the prey thus they would obviously 
strive to look for places where they can suitably find their desired 
food. 
Pulmonate snails made a significant contribution to the total 
phytophilous fauna of the lake (Table 3). Higher density of 
phytophilous snails over other groups has also been reported 
elsewhere especially for temperate lacustrine lakes (Clarke, 1973). 
The snails are reported to thrive in waters rich in calcium (Sharpe, 
2002; Dalesman and Lukowiak, 2010) that is a dominant cation in Dal 
lake owing to the predominance of lime rich rocks in catchment areas 
(Zutshi et al., 1980; Qadri, 2012).  
In lymnaeidae and planorbidae species the oviposition occurred 
during April. Their egg masses were found associated with tightly 
packed whorls of Ceratophylum sp. in large numbers (Fig. 3). 
According to Underwood et al. (1992) the pulmonate juveniles start 
emerging from the eggs within 12 to 68 days.  This fact seems to be 
responsible for the abrupt increase in the density of the snails later in 
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the season (Table 3). Besides, temperature was found to strongly 
affect the pace of their life cycle as during warmer temperature faster 
growth and number of snails were observed. 
 
Fig. 3: Egg capsules of planorbidae 
Gyraulus sp. (planorbidae) reflected a broader occurrence range 
throughout the growing season unlike Promenetus sp. which was a 
rare species collected only during the early growing season. As the 
temperature increased in the later season their number declined 
reaching zero in peak summer months. In September a few of them 
surfaced again. This was the only mollusc that showed a lack of 
correlation with the plant surface area and was more influenced by the 
change in temperature. The abundance of Lymnaea auricularia was 
highest followed by Gyraulus sp. and L. columella throughout the 
sampling period. 
 In an ecosystem the invertebrates associated with macrophytes 
can be grouped into trophic categories according to the food source 
and feeding mechanism adopted. But since for the present work the 
functional feeding groups of invertebrates was not experimentally 
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determined the standard works Cummins (1973), Higler (1977) and 
Dvorak et al. (1982) on feeding habit of various families were used to 
have a rough idea about the relation of  invertebrates to their substrate.    
5.2  Impact of Deweeding on Phytophilous Macroinvertebrate 
Community 
Mechanical deweeding in Dal lake is done by the use of 
harvesters and truxors having different weed removal methods.  
Truxors are used for skimming purpose and the magnitude of 
habitat disturbance by them was found to be much lesser than the 
harvesters. This was reflected not only by the statistically insignificant 
difference in the population density of invertebrates (Table 4b) but 
also by the minimal impact on some physico-chemical parameters 
(Table 5) pre- and post- skimming. The transparency was affected to 
some extent because of suspended twigs in water column that 
disrupted the light penetration. The minor variations observed in other 
parameter might be as a result of trophic condition of the lake.  
The reason for no appreciable influence on the phytophilous 
fauna was that the 2/3
rd
 of the macrophyte standing crop was left 
behind which along with the associated macrofauna recovered within 
1-2 weeks (Table 4a). This was also indicated by subsequent rise in 
Shannon-Weiner index after 10 days (Fig. 4). Of all the 
macroinvertebrates that were not affected by partial weed removal up 
to a great extent, only species belonging to family glossiphoniidae and 
pyralidae were found absent after skimming (Table 4a) however they 
recovered 20 days after the process. 
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Table 4: Impact of skimming on phytophilous macroinvertebrates at Habbak- 
STP site in Dal lake 
a)  Population density of different invertebrate groups (individuals/ kg
 
dry wt. of 
macrophytes)  
Family Pre- 
skimming 
During 
skimming 
10 days after 
skimming 
20 days after 
skimming 
30 days after 
skimming 
Planorbidae 3.7 3 7.9 9 15.2 
Lymnaeidae 11.2 10 15.1 18.3 33.2 
Chironomidae 36.8 24 43.2 46.3 61.8 
Ceratopogonidae 25.6 21 38.3 58.5 19 
Coenagrionidae 5.5 4.8 7.2 8.3 5 
Dytiscidae 0 0 0 2.2 0 
Gammaridae 1.2 1.5 2.4 3.8 5.6 
Psychodidae 0 0 0 3.4 19 
Pyralidae 2 0 0 3 1 
Tubificidae 7 8.5 8 12.6 16.4 
Erpobdellidae 2.9 2 5.2 7.7 9.1 
Glossiphoniidae 3.5 0 0 3.4 4 
b)     One way analysis of variance (ANOVA) 
p-value Greater than 0.05 
 
 
 
Fig. 4:  Impact of skimming on diversity as shown by Shannon weiner index 
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Table 5: Effect of skimming on some physico-chemical parameters 
Parameters Pre-skimming Post-skimming 
Transparency (m) 1.1 0.6 
pH 7.6 7.8 
Conductivity (µS) 120.5 129.2 
Water temperature (°C) 13 13.5 
Dissolved oxygen (mg/l) 8.8 9.2 
 
An important observation after skimming was that the 
remaining macrophytic bed eventually became denser in this site 
compared to other three. The primary reason for this pattern seems to 
be that the cutting of apical meristematic region of submerged plants 
during such operations, results in removal of shoot apex. This 
probably might be promoting the release of cytokinin plant hormone 
that led to denser and accelerated growth of lateral branches (Cline, 
1994) thereby hampering apical dominance. Besides, rapid re-
colonization of macrophytes occurred probably through vegetative 
fragments (Vari, 2012) that were dispersed during partial deweeding 
early in the season (Engel, 1990; Nichols and Lathrop, 1994) at the 
Habbak-STP site.   
   Table 6: Influence of deweeding on some physico-chemical parameters at 
Dockyard site 
Parameters Pre-deweeding Post-deweeding 
Transparency (m) 1.6 0.5 
pH 7.7 7.6 
Conductivity (µS) 152 165 
Water temperature (°C) 25 25.2 
Dissolved oxygen (mg/l) 4.8 6.4 
 
  
Department of Environmental Science, University of Kashmir.  85 
 
During deweeding in summers the harvester induced vigorous 
turbulence in the water column, which led to perturbation in the area 
in terms of suspension of sediments as indicated by the decrease in 
secchi transparency by 45%. The physico-chemical parameters (Table 
6) like temperature and pH remained almost same pre- and post-
deweeding, however, an appreciable increase in dissolved oxygen was 
found  which might be related to the vigorous churning activity of 
paddle wheels of mechanical harvester.  A slight increase in 
conductivity was also observed, but this marginal fluctuation after 
deweeding can’t be adjudged to determine any considerable change in 
ionic concentration of lake.  
 
Fig. 5:  Proportion of the phytophilous macroinvertebrate phyla remaining and 
removed due to deweeding at Dockyard site in May, 2012 
Habitat disturbance in the sites due to removal of plant biomass 
along with large-scale turbulence of water column was found to result 
in dislodging and removal of phytophilous invertebrates (Fig. 5) in the 
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lake. The removal of Mollusca (75%) was highest followed by 
Arthropoda (64.8%) and Annelida (50%).  
Table 7: Mean population density of invertebrate groups (individuals/ kg dry wt. 
of macrophytes) in different site during March- September, 2012 
Family Hazratbal Site Shalimar 
Ghat Site 
Habbak-STP 
Site 
Dockyard 
Site 
Tubificidae 12.8 10.2 11.5 5.9 
Erpobdellidae 10.3 4.8 4.5 1.3 
Glossiphoniidae 6.1 3.2 1.5 0.8 
Chironomidae 52.6 28 29.9 18.6 
Ceratopogonidae 35.2 21.1 19.3 19.9 
Coenagrionidae 6.4 5.3 3.6 2.6 
Dytiscidae 1.5 0.6 0.4 0.2 
Gammaridae 6.2 5.6 2.6 1.6 
Gomphidae 0.8 0.6 0 0.1 
Corixidae 0.7 0.8 0 0.1 
Pyralidae 2.7 1.4 0.5 0.4 
Pisauridae 1.1 0.4 0 0 
Psychodidae 0 0 4.9 0 
Planorbidae 19.6 13.2 6.8 4.8 
Lymnaeidae 46.3 28.4 19.9 9.4 
 
The deweeding was observed to lead to a decline in the density 
of invertebrate groups which is attributable to the fact that the 
manipulated environment formed due to the removal of weeds does 
not provide the necessary requirements for the concerned 
invertebrates in adequate quantity (Kaenel et al., 1998; Monahan and 
Caffery, 1996) to flourish. This is supported by the fact that the 
reference site which doesn’t undergo any deweeding does not exhibit 
any significant changes in the phytophilous fauna during the same 
period (Table 7). The impact however varies with the intensity of 
deweeding e.g. the Dockyard site which was deweeded in two-
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monthly shifts the influence was highest contrary to Shalimar-Ghat 
site that was deweeded only once where overall no profound impact 
on macroinvertebrate density was observed (Table 7). The t-test 
values indicated that there was insignificant difference in the 
reference site (p>0.05) when compared to other sites prior to 
deweeding thereby it was the loss of habitat by mechanical removal of 
macrophytes that may be considered as the cause of the decline in the 
diversity (Bryan, 1975). 
Table 8:  Comparison of Reference (Hazratbal site) and highly deweeded 
(standing macrophyte stock remaining after deweeding in Dockyard 
site) area of Dal lake from May to July, 2012 
a) Population density of different invertebrate group (individuals/  
kg dry wt. of macrophytes) 
Family Reference site Disturbed standing 
stock 
Planorbidae 29.5 5.1 
Lymnaeidae 70.7 9.4 
Chironomidae 79.0 9.5 
Ceratopogonidae 16.3 8.4 
Coenagrionidae 4.9 1.2 
Gomphidae 0.9 0 
Dytiscidae 1.3 0 
Gammaridae 9.1 1.2 
Corixidae 1 0 
Pyralidae 3 0 
Pisauridae 1 0 
Erpobdellidae 13.7 1.2 
Glossiphoniidae 8 0 
Tubificidae 13.6 4.5 
Mean 18.0 2.8 
Total number of taxa 14 8 
a) b)    Unpaired t-test 
p- value Less than 0.05 
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Fig. 6: Impact of deweeding as shown by biotic indices 
The data revealed that the dominance of some species slightly 
decreased leading to the increase in the evenness index (Fig. 6). The 
plausible reason might be that prior to deweeding the community was 
composed of a few dominant and several less common as well as 
some rare taxa, which is reflected by low evenness values. Once there 
was deweeding, more number of dominant taxa got removed along 
with the harvested weeds, while the taxa that were rare before 
deweeding got better opportunities to increase in their population. 
This led to an increased evenness among species and therefore a 
decreased trend in the Shannon diversity index. 
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Table 9: Impact of deweeding in different months on phytophilous macroinvertebrate community of Dal lake 
a) Population density of  macroinvertebrate groups (individuals/ kg dry wt. of macrophytes) 
 May (Dockyard site) June (Habbak-STP site) August (Shalimar Ghat site) 
Family Pre- deweeding Post- deweeding Pre- deweeding Post- deweeding Pre- deweeding Post- deweeding 
Planorbidae 19.3 4.5 22 4 18.4 3.3 
Lymnaeidae 53.1 8.1 68 12 45.3 12.8 
Chironomidae 62.5 12.7 59 15 27.6 10.1 
Ceratopogonidae 43.1 25.2 0 0 26.1 7.2 
Psychodidae 0 0 17 0 0 0 
Coenagrionidae 6.2 2.7 7 2.1 3.0 1.3 
Gomphidae 0 0 1 0 0 0 
Dytiscidae 1.8 0 1 0 0 0 
Gammaridae 8.1 2.6 5 1 5.3 0.5 
Corixidae 2.5 0 0 0 0 0 
Pyralidae 6.8 0 3 0 0 0 
Pisauridae 3.1 0 2 0 0 0 
Tubificidae 12.5 8.7 11 7 0.7 0 
Erpobdellidae 15.0 2.7 8 2 16.1 10.8 
Glossiphoniidae 5.0 0 5 0 7.6 1.2 
b) Unpaired t- Test 
Two-tailed p-value Less than 0.05 Greater than 0.05 Less than 0.05 
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Statistically the population density of macroinvertebrates didn’t differ 
significantly between the deweeded and weeded areas in June at Habbak-STP 
site (Table 9). It may be pointed out that early in the season, the concerned site 
was moderately disturbed due to skimming and partial deweeding which 
subsequently led to establishment of greater surface area for colonization due to 
denser macrophytic bed. Besides, the previous interference might have led to the 
establishment of those invertebrates that were able to cope with the changing 
environmental features and could take advantage of the unique and difficult 
living conditions. Therefore, deweeding early in the season did not effectively 
reduce the biomass in the long term. Barret – Segretain (1996) stated that time 
of disturbance influences the capacity of plant species to regenerate. This seems 
to be true for the Dal lake system as well. When the removal of vegetation took 
place early in the season, fast growing plant species grew again and resulted 
rejuvenation of macrophyte bed (Perkins and Sytsma, 1987; Rawls, 1975; Cooke 
et al., 1990 and Crowell et al., 1994).  
 
Fig. 7:  Impact of deweeding during May, 2012 on phytophilous macroinvertebrate 
community 
  A comparison of phytophilous invertebrate population at Hazratbal site 
(reference site) and dockyard site (Fig. 7) reveals that Ceratopogonidae was 
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dominant at both the places. It was observed that Ceratopogonidae (Bezzia sp.) 
were present in good numbers even after deweeding at the Dockyard site. This 
may be attributed to the fact that these larvae, despite being attached to the 
plants, have the capability to remain suspended in water column for a long 
period of time. This was confirmed in the laboratory where these larval forms 
usually remained suspended in water unlike chironomids that swimmed 
temporarily in water when disturbed but quickly resettled on the bottom. The 
benthic nature of chironomids was also observed by Takagi et al. (2005). Since 
chironomids are both benthic and phytophilous in nature, the individuals 
dislodged during harvesting, settle quickly at the bottom and probably re-
associate with the recovering or remaining macrophyte bed. This type of 
adaptation helps them to quickly recover after deweeding activity in the lake.  
Psychoda sp. was only found attached to the vegetation of severely 
eutrophic waters in the vicinity of sewage treatment plant, the hairy vestiture on 
body surface and siphon at the posterior end aids attachment with the vegetation 
(Fig. 8). After deweeding these organisms were not recorded from the remaining 
standing macrophyte stock (Table 10). 
 
 
 
 
 
 
 
 
 
Fig. 8: Plant penetrating siphon and hairy vestiture of Psychoda sp. 
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 The plausible reason might be that these organisms were physically 
removed along with the plants or if dislodged from vegetation due to shaking by 
harvester might have persisted in the decaying vegetation (Goldsen, 1977) at the 
lake bottom.  The invertebrate families belonging to psychodidae, 
coenagrionidae, ceratopogonidae and glossiphoniidae were again reported on the 
macrophytes 60 days after deweeding (Table 10). 
  Hemiptera (bug), Coleoptera (beetles) and Araneae (spiders) were not 
found to be inherently associated with macrophytes. However, inspite of their 
mobile nature they were also removed (Fig. 7) from the water column with the 
plant biomass as the harvester removes a bulk of vegetation in a single stroke. 
They are also affected indirectly by the deweeding process. The decline in the 
larvae of other invertebrates that form their prey also contributes to decline in 
their number. Secondly, as a result of deweeding the floating canopy was 
thinned thereby permitting more light penetration, probably these mobile 
organisms became more visible to predators making their escape difficult.  
Leeches prefer quiet water and a good gripping surface (Pennak, 1978) 
that is provided by the submerged vegetation. During the period of investigation 
glossiphoniidae was specifically found attached to the upper portion of 
macrophytes while erpobdellidae was present throughout the length of plant. 
This is the probable reason for higher removal rates of the former along with the 
harvested biomass followed by late recovery after deweeding. The rate of 
recovery of Erpobdella sp. was relatively better as these species besides being 
attached with understory of remaining macrophyte bed makes an important 
contribution to the benthic fauna of Dal lake (Mushtaq et al., 2013).  
Fast moving Enallagma sp. gets dislodged but some individuals are able 
to escape through the pores of the harvester conveyor belt and roam in the water 
column. That is why these species were also encountered immediately after 
deweeding (Fig. 7). Gammarus sp. was the only crustacean that was frequently 
found in the samples. Also they are known to feed on aufwuchs (Pennak, 1978) 
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and this activity seems to be responsible for its association with macrophytes. Its 
contribution to the total macrofaunal community after the deweeding (Fig. 7) 
and its recovery (Table 10) might be as a result of its sustenance on decaying 
allochthonous leaf litter (Moore, 1975; Chamier et al., 1989).   
The larvae of Pyralidae were found mainly in association with leaves of 
Potamageton crispus followed by Hydrilla verticillata. It has been observed that 
the periphytic population is significantly less in both these macrophytes as 
compared to C. demersum. It was further recorded that the latter macrophyte had 
much higher population of snails and dipterans. It seems that the snails and 
dipterans are attracted to the periphyton attached to Ceratophyllum, while the 
lepidopteran larvae feed directly on the leaves of Potamageton and Hydrilla and 
thereby avoid competition with the other groups. Since, the pyralid larvae are 
considered as exclusive herbivores eating nothing but fresh plant tissues 
(Soszka, 1975; Buckingham and Bennett, 1989; Balciunas and Center, 1988) 
therefore the removal of aquatic macro-vegetation during deweeding not only 
disrupted their spatial habitat but also their only food source, thereby eliminating 
them immediately. Their recovery might be directly correlated with the re-
establishment of desired macrophytic bed. 
  The population of pulmonate snails peaked in May, June and July. The fresh 
sample taken during deweeding showed highest removal of snails. The decrease 
in their density after deweeding can be primarily attributed to their physical 
removal from the system along with the vegetation. The species that were 
encountered after the deweeding in the basal layer possibly may be due to 
rheotaxis (Jurberg et al., 1988) which is an adaptive behavior in snails in 
response to external stimulus (e.g. turbulence induced by harvester). As the 
disturbance occurs the snails in the lower portion of the uncut macrophytes may 
align themselves in a way that counteracts the impact of continuous shaking 
allowing them to strongly adhere to the basal layer of plant thereby preventing 
dislodging. Also rheotaxis might aid the snail population in the adjoining 
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macrophyte bed in migrating towards the recovering macrophyte bed after 
deweeding. However, lower surface area for re-colonization due to removal of 
macrophytes might be responsible for their slow recovery. Since the snail 
species are strictly grazers therefore the abundance and distribution of algal 
epiphyton probably influences their occurrence as well as abundance (Balci and 
Kennedy, 2003; Lodge, 1985). Therefore it could be expected that in general 
increasing plant biomass (i.e. surface area) might lead to increased epiphytons 
and increased snail numbers feeding on the epiphyton.  
In contrast to other species, the density of oligochaete worms was nearly 
unrelated to the plant density, as these are mainly benthic macroinvertebrates 
(Nalepa et al., 1998) and were retrieved along with the sediment retaining roots 
of the submerged plants.  The minor importance of Oligochaeta in macrophyte 
associated fauna was also shown by Poi de Neiff and Carignan (1997). 
The deweeding in the Dockyard site was carried out in 2 monthly shifts 
during May and July. Therefore, the community response to habitat disturbance 
was driven by a pattern of abrupt reduction in abundance of phytophilous 
macroinvertebrates (Table 7). At Shalimar Ghat site the deweeding was carried 
out at the end of growing season in the month of August and the decline in day 
length and water temperature after August played an important role in slowing 
the recovery (Engel, 1985). Besides, the area was later on dredged as well. 
Therefore it is difficult to relate the occurrence and abundance of invertebrates 
at this site with the deweeding activity only. Since the study period ended in 
September, 2012, the recovery at both these sites couldn’t be continued.  
Assessment of recovery of the phytophilous invertebrate fauna post 
deweeding was made in Habbak – STP site.  There was an expectation that some 
element (e.g. macrophytes and invertebrates) of aquatic system will recover 
relatively quickly following harvesting done early in the growing season. 
Another aspect was to see the availability of source population that would reseed 
the disturbed habitats in the next growing season.  
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The deweeding process at the present site was found to favor the growth 
of invasive macrophyte species. When the deweeding was carried out in June, 
the macrophytes gradually grew again providing potential habitat for a diverse 
community of invertebrates (Engel, 1990). The re-growth of macrophytes is 
possible in two ways. Firstly the underground parts that were left behind during 
harvesting grow new shoots quickly. Secondly, the viable fragmented portions 
of stem, stolon or rhizome, torn from the parent plant during deweeding form 
the nucleus of new population. Besides, the harvester may also spread the 
propagules (fragment, buds and turion) throughout the lake as the harvested 
biomass is carried in storage barge and moved to the shore (Fig. 9). Further, as 
the periphyton attached to surface of macrophytes competes with these plants 
for different nutrients (Bronmark, 1985; Underwood and Thomas, 1990), 
harvesting of periphyton infested macrophytes paves the way for growth of un-
infested macrophytes which utilize the resources fully in absence of the 
periphyton. .  
Analysis revealed that the recovery of invertebrate was inherently 
dependent upon the recuperation of their habitat. A month after harvesting the 
diversity of invertebrate community was low but it returned to appreciable 
abundance later in the season. Table 10 shows the gradual recovery of 
macroinvertebrates after deweeding.   
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Table 10: Population density (individuals/ kg dry wt. of macrophytes) of different 
macroinvertebrate groups at Habbak- STP site after deweeding in comparison with 
reference site 
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Planorbidae 31 4 34.7 6 20 8 13 3 
Lymnaeidae 79 12 78.2 22 59 29 33 15 
Chironomidae 81 15 87.2 25.5 23 20 18 17 
Ceratopogonidae 0 0 0 0 21 16 38 21 
Coenagrionidae 2 2.1 0.9 0 2 3 5 2 
Dytiscidae 1 0 0 0 0 1 2 0 
Gammaridae 8 1 12.5 1.6 4 1 4 2 
Gomphidae 0 0 0.9 0 0 0 0 0 
Corixidae 1 0 0 0 0 0 1 0 
Pyralidae 5 0 0 0 0 0 0 0 
Tubificidae 14 7 17 10.2 19 12 16 14 
Erpobdellidae 15 2 14.1 2.7 10 5 7 3 
Glossiphoniidae 9 0 8.7 0 5 1.6 7 2 
Pisauridae 2 0 1 0 0 0 0 0 
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Table 11:  The level of removal of different phytophilous macroinvertebrates by various 
deweeding techniques in spring, 2012 (Individuals/ kg dry wt. of macrophytes) 
While assessing the level of removal of phytophilous macroinvertebrates 
(Table 11) using different deweeding techniques it was found that maximum 
number of animals were removed by mechanical harvester followed by truxors 
and manual deweeding. One of the interesting observations was that the sample 
procured from storage deck barge of harvester (where the harvested biomass 
was stored for a long time till it reaches to its adequate capacity) contained no 
invertebrates except for some empty snail shells. The reason might be that with 
Sr. No. Family 
Freshly 
harvested 
macrophytes 
from harvester 
head 
Harvested 
macrophytes 
from storage 
deck barge of 
harvester 
Truxor 
Manual 
deweeding 
1 Glossiphoniidae 3.7 0 2 1.5 
2 Erpobdellidae 7.8 0 2 3.6 
3 Tubificidae 0 0 0 14.8 
4 Planorbidae 9.2 0 3 7.3 
5 Lymnaeidae 29.1 0 28 18.9 
6 Chironomidae 43.2 0 25 9.4 
7 Psychodidae 0 0 0 0 
8 Ceratopogonidae 18.8 0 9 5.2 
9 Coenagrionidae 3.9 0 0 0 
10 Gomphidae 0 0 0 0 
11 Corixidae 0.8 0 0 0 
12 Dytiscidae 0.8 0 1 0 
13 Pyralidae 2.3 0 0 0 
14 Gammaridae 7.6 0 0 2.1 
15 Pisauridae 0.4 0 0 0 
 Total number 127.6 0 70 54.8 
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increasing air temperature the moisture content in harvested biomass decreases 
and the entangled phytophilous organisms try to move in to deeper layers of the 
stored vegetation and eventually escape from the perforated plates of the barge 
and the loading vehicle (Fig. 9) or they might have got desiccated which made 
their identification next to impossible. To quantify the impact of deweeding and 
minimize the above drawback, fresh samples from harvesters head were taken, 
which showed a wide variety of animals being removed (Table 11).    
Truxors used for skimming (Fig. 10) remove bulk of vegetation which 
mainly comprised of floating leaved plants and upper 1/3 rd of submerged 
plants. The selective manual deweeding also removes appreciable number of 
invertebrates, the only difference being that sediment is removed along with the 
vegetation. This also removed a range of segmented worms including 
Limnodrilus sp., Branchiura sp. and  Nais sp.  
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Fig. 9:   Sample collection from storage barge (top left). The perforated plates (top right) of 
harvester as well as loading vehicle probably provide an escape route for 
invertebrates and plant propagules like turion and buds. The macrophytes attached to 
harvester head (bottom) which may also aid in dispersion of viable propagules as the 
machine moves through water 
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Fig. 10: Lateral (left) and front view (right) of a Truxor harvester 
  
  This study provides a preliminary understanding of seasonal abundance 
of certain species and most importantly the impact of deweeding on 
macroinvertebrate community associated with the macrophytes. Nevertheless 
allelopathy by macrophytes – their subsequent impact on invertebrates and 
feeding behavior of macroinvertebrates – needs to be investigated in detail in 
future studies to  provide an elaborate information on the role of harvesting 
regime in favoring not only the  long term dominance of  some animal species 
over others but also the growth of mono-specific macrophytic beds. For 
instance, the Dal lake area in the vicinity of Centaur hotel is a high use VIP 
recreation area having a dynamic history of harvesting during tourist season. 
Monospecific beds of M. spicatum were observed in this area, while the 
adjoining areas with similar substrate had a mixed bed along with C. demersum, 
Potomageton spp. Possibly the allelochemicals released by these plants inhibit 
the growth and survival of other species including plants and invertebrates.  
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Dal Lake is a shallow eutrophic lake that is very productive due to high 
concentration of dissolved nutrients like nitrogen and phosphorus required for 
growth of algae and other plants. The effects of environmental pressure and 
subsequent impacts are evident in the lake. Apparent changes in the lake 
ecosystem can be related to anthropogenic activities and management problems.  
In general it was observed that the distribution, abundance and diversity 
of the phytophilous macroinvertebrates was affected by inter- and intra- specific 
competition as well as by the tolerance capacity of organisms to changing 
environmental features of water. Temporal difference in phytophilous 
macroinvertebrates were evidenced by increased abundance of lymnaeidae, 
planorbidae (except Promenetus sp.) and chironomidae. The mean density was 
highest for molluscs mainly because these thrive in calcium rich waters and at 
higher temperature which was the present case. Hemiptera, Coleoptera and 
Araneae showed monthly dynamics in their occurrence mainly due to their 
feeding behavior and high dispersal potential. Periodic emergence of naiads and 
pupae of some of the species was also observed. 
Deweeding was found to have a profound impact on the physico-
chemical parameters- a decrease in transparency and increase in dissolved 
oxygen and conductivity was observed after deweeding. All the three phyla 
were affected by harvesting. The impact was highest on Mollusca (planorbidae 
and lymnaidae) followed by Arthropoda (Chironomidae, coenagrionidae, 
gammaridae, pyralidae) and Annelida (glossiphoniidae, erpobdellidae). 
However, at the end of growing season the ceratopogonidae, chironomidae and 
lymnaeidae reached to an appreciable number. 
Species richness and composition of major macroinvertebrates in 
harvested and un-harvested areas of lake were dissimilar as portrayed by biotic 
indices. On an average the weeded site had higher density of macroinvertebrates 
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as compared to deweeded areas. However, interpretation of some of the 
observations was limited by lack of research in bio-chemical aspect of plants 
and feeding habits of invertebrates. The influence of deweeding on 
macroinvertebrates was mainly due to habitat disturbance through removal of 
vegetation. Harvesting does not uproot the submerged plants but simply trims 
the vegetation that is primarily responsible for quick recovery of invasive 
macrophyte species and corresponding macroinvertebrate fauna after 
deweeding. Harvesting early in the season facilitated luxuriant growth of 
macrophytes and gradual recovery of invertebrates as was shown in Habbak-
STP site. 
On the whole it was found that during the deweeding process some of the 
dominant species belonging to Lymnaeidae, Planorbidae and Chironomidae 
were removed in significant numbers along with the harvested macrophytic 
biomass. Some others, like Psychodidae, Glossiphoniidae, Pyralidae and 
Pisauridae, which were present in smaller numbers before the deweeding, got 
completely removed from the system as a result of deweeding. As a 
consequence in the post-deweeding scenario other till-then less common 
macroinvertebrates from family Gammaridae, Coenagrionidae and 
Erpobdellidae got an opportunity to flourish, resulting in a slightly changed 
community in the manipulated environment. Although our data show that the 
disturbed populations recovered within one-two months of deweeding, it is 
feared that if the process of deweeding vis-à-vis destabilization of phytophilous 
invertebrate community goes on regularly and repeatedly over a period of time, 
it may lead to some permanent changes in the community structure of this 
important group in the lake in near future.  As the phytophilous 
macroinvertebrates form an integral component of a lake ecosystem that links 
macrophyte resource with the fish, in due course of time it may have 
implications on the energy transfer through changes in the food web.  
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It was also noticed that the deweeding through mechanical devices like 
harvesters and truxors does not involve proper selection of the weeds to be 
controlled. Instead, the harvester removes the weeds at random. This process is 
bound to lead to complications as there is every possibility of some of the so-far 
rare macrophytic species getting a chance to become more common or dominant 
in due course of time. There is a need to change the present random type of 
harvesting to a more scientific deweeding process where the population density 
and its distribution pattern is given centre-stage while deweeding in the lake 
areas. If this is done then other components of the ecosystem, like periphyton, 
benthos and nekton, will show concomitant changes that will help the lake 
ecosystem to a great extent. 
During the present study it was observed that macrophytes (especially 
Potamogeton lucens) are subject to mining by some macroinvertebrates which 
are capable of penetrating the soft tissues of the plants. This capability of 
penetration of macrophyte tissue by these invertebrates needs to be investigated 
further so as to check the possibility of using these very invertebrates as 
biological control agents for the control of unwanted macrophytes. 
 Since the present study was time bound in nature, it is suggested that a 
comprehensive project is undertaken on a long-term basis (at least for five 
years) for monitoring the changes in the community structure of different 
groups of biota in the Dal lake in response to the deweeding and dredging. The 
data collected during such a project will be quite useful in framing the 
management plans for other water bodies of the region. 
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